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ABSTRACT 
 

Background: Growth failure and restricted weight gain in very low birth weight (VLBW) infants 
remains extremely common despite advances in neonatal care. A majority of VLBW infants leave 
the hospital with weights below the 10

th
 percentile for age. A variety of measures including 

nutritional interventions have been considered to achieve adequate weight gain in these infants for 
preventing short- and long-term lifetime complications.  
Objective: This study aims to profile factors that impact weight gain among VLBW infants in three 
Maternity and Children Hospitals in Jeddah City, the Kingdom of Saudi Arabia [KSA].  
Methods: A prospective study with short follow-up selected a nonrandom sample of infants for 
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collecting data related to parents and admitted VLBW infants in three hospitals. The medical files 
of actively admitted VLBW infants [n=61] to the neonatal intensive care unit (NICU) were daily 
examined for a period of four months through 1st January, 2013 to 30th April, 2013 until their 
discharge.  
Results: Within a variety of categorical and continuous parental and infants’ variables, joint family 
income and total formula milk fed to VLBW infants significantly correlated with weight gain in 
VLBW infants. However, the most powerful predictor of weight gain in VLBW infants was total 
formula milk fed to them.  
Conclusion: This study calls for further studies for identifying other predictors of weight gain in 
VLBW infants in Saudi Arabia. 
 

 
Keywords: Very low birth weight infant; weight gain; breast feeding; Saudi Arabia. 
 
1. INTRODUCTION 
 
Infants continuing to be born at very low birth 
weights (VLBW) is considered a public health 
problem. Two types of fetal programs are in 
place in Ministry of Health [1-2]. Nonetheless, 
VLBW (birth weight <1500g) is a commonplace 
phenomenon and major cause of infant 
morbidity, mortality and neurodevelopmental 
disability in Saudi Arabia [3]. Infant mortality rate 
(IMR) is defined as the number of deaths in 
children less than 1 year of age per 1000 live 
births in the same year [4]. According to a 
retrospective study of 92 infants, the estimated 
incidence of VLBW at King Abdulaziz University 
Hospital (KAUH), Jeddah was 0.52%. The early 
neonatal mortality among extremely low birth 
weight (ELBW) infants was 75% compared to 
13.7% among VLBW group. However, the 
immediate neonatal complications were higher 
among VLBW infants than ELBW group [3]. In a 
Saudi Epidemiological Bulletin, the prevalence of 
VLBW in a major hospital in Riyadh was reported 
to be 13.3% [5]. Infant mortality and morbidity are 
found to be 200 times higher among VLBW 
infants when compared to infants with normal 
birth weight [5]. 
 
Relevant literature from Western World reported 
that VLBW infants account for one-third of infant 
mortality rate [IMR], which is an important 
sensitive indicator of health [6]. The VLBW 
infants related to a variety of etiologies account 
for only 2.2% of live birth, however they 
contribute disproportionately to neonatal 
morbidity, the healthcare costs and increased 
length of stay in hospital attributed to several 
comorbid complications such as neonatal 
enterocolitis (NEC), late-onset sepsis (LOS) and 
feeding intolerance [7-8]. Despite the global 
consensus on the concept of VLBW infants, they 
represent a heterogeneous group of newborns; 
very premature with a gestational age <32 weeks 

and the more mature with intrauterine growth 
restriction (IUGR). IUGR is a fetal weight<the 
10th percentile of the normal for the gestational 
age [9]. In the USA, the reported prevalence of 
ELBW and LBW infants ranges from 0.1% 
(BW<500g) to 7.4% (BW≤ 2500g [10].  
 
The primary causes of VLBW are prematurity 
(<37 weeks gestation) and IUGR attributed to 
problems of placenta, poor maternal health, and 
birth defects. The other risk factors of VLBW in 
infants include history of premature births, poor 
prenatal care, inadequate weight gain during 
pregnancy, malnutrition, ethnicity, and less than 
20 years or more than 35 years of age [11-21]. 
Women need education on the importance of 
preconception care, prenatal care, and adequate 
pregnancy weight gain to reduce the odds of 
having a VLBW infant [21]. Notably, teenagers 
with second birth often have a LBW infants or a 
preterm birth [22]. Preterm babies are both 
physically small and physiologically immature 
and are vulnerable to several complications 
including injury to fragile organ systems           
[10-11,23-25]. The outcome studies of VLBW 
infants reported survival rates that ranged from 
34% (BW<751g) to 93% (1251-1500g) and 23% 
(gestational age [GA]=23weeks) to 54% (GA=25 
weeks) [26]; and 40% (<1000g) to 86.2% 
(1000g-1499g) [27]. In a Japanese national 
survey, the neonatal mortality rate and mortality 
rate for VLBW (<1000g) infants admitted to NICU 
were 13% and 17%, respectively [28]. The 
scenario has been changing constantly and more 
infants are born with low birth weight around the 
globe [29]. We raise a question, which is the goal 
of this study: do factors related both to parents 
and VLBW infants influence weight gain in this 
population? 
 
The sociodemographics of parents and 
anthropometrics of infants contribute to low birth 
weight infants but have less impact on weight 
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gain in VLBW infants. However, feeding 
practices have an evidence-based role in 
promoting adequate weight gain in VLBW 
infants. The benefits of human milk over formula 
milk (premature or term types) to term and 
preterm/VLBW infants include unique healing 
properties, nutritional, a great bioavailability of 
trace elements, faster gastric emptying, feed 
tolerance, immunological and antimicrobial 
protection, and transfers of beneficial milk 
hormones and growth factors [13-14,30]. Other 
advantages of human milk to VLBW infants are 
development of maternal bondage, antioxidant 
effects through inositol, vitamin A and beta-
carotene, reduction in retinopathy of prematurity 
(ROP), lower risk of NEC and LOS, and shorter 
hospitalization [13-14,31-33]. Furthermore, lack 
of chronic gastrointestinal diseases, infections, 
allergies, and higher psychomotor developmental 
index [PDI] and behavior rating scale percentile 
score were associated with human milk intake by 
ELBW infants at 18 months of corrected age 
[9,14,30,34-35]. The cognitive effects persisted 
when similar cohort of 1035 ELBW infants fed 
human milk in the NICU were assessed at 30 
months of corrected age [36]. However, the 
results of these studies [34-36] were not fully 
consistent with another study. A study from 
Canada found small but consistent advantage of 
human milk on neurodevelopment of VLBW 
infants compared to infants fed with formula milk 
[37]. Other study found no effect of maternal milk 
on Bayley Mental Development Index (MDI) or 
Psychomotor Development Index (PDI) and also 
rates of cerebral palsy (CP) remained unaffected 
in VLBW infants. However, neurodevelopmental 
outcomes were influenced significantly by social 
and neonatal factors [38]. In a related 
development, intensive lactation counseling to 
mothers of VLBW infants is reported to increase 
initiation of lactation and breast feeding to infants 
[7,39]. However, breastfeeding to VLBW infants 
is associated with some challenges; provision of 
adequate caloric and nutritional intake; 
establishing and maintaining a good milk supply, 
and transitioning from tube feeding to 
breastfeeding. Furthermore, mothers of VLBW 
infants are often required to pump their milk for 2 
to 3 months until their infants are physiologically 
stable enough to attempt sucking at the breast. 
Additionally, adequate milk supply to VLBW 
infant is reduced due to mother’s protracted 
hospitalization, separation, and associated stress 
and fatigue [15]. On the other hand, the human 
milk to preterm infants is not always beneficial. 
VLBW infants fed unfortified human milk are 
reported to have slower growth rates, inadequate 

nutrient and protein intakes, and insufficient 
supply of calcium and phosphorus that result in 
bone resorption, osteopenia, and metabolic bone 
disease [15]. Hence VLBW infants on receiving 
human milk need additional nutrients [15]. 
Although fortification of preterm human milk 
remains controversial in certain countries, the 
American Academy of Pediatrics and the 
Canadian Pediatric Society recommend the use 
of fortifiers containing protein, minerals, and 
vitamins to ensure that infants fed preterm 
human milk receive their estimated nutritional 
need. Studies that performed on unfortified 
human milk intake and in-hospital growth of 
VLBW infants when compared with formula milk 
demonstrated poorer growth in human milk fed 
infants than formula milk, and their results were 
attributed to the mixture of maternal milk with 
donor milk [16]. Formula milk fed to VLBW 
infants has also some disadvantages; increased 
risk for NEC, delayed brainstem maturation and 
visual development, and decreased cognitive 
development [40]. The data on factors that 
impact weight gain in VLBW infants is limited in 
Jeddah; therefore this issue is addressed in this 
study.  
 

1.1 Objectives  
 

Factors that contribute to weight gain in VLBW 
infants have not been explored in the Kingdom of 
Saudi Arabia. Therefore, this study aims to 
profile possible predictive factors of weight gain 
in VLBW infants born at the maternity and 
children hospitals and King Abdulaziz Hospital in 
Jeddah city during the year 2012-2013. We 
hypothesize that the factors related to parents 
and VLBW infants will influence weight gain in 
this population.  
 

1.2 Rational and Scope 
 
To improve maternal health and reduce 
infant/child mortality is to achieve the Millennium 
Developmental Goals (MDG-4-5) initiated by the 
United Nations in year 2000 [41]. Furthermore, 
there is scarcity of data related to the impact of 
parental and VLBW infant factors and breast milk 
and formula milk on gain weight in VLBW infants 
in Saudi Arabia. This study will help in 
developing strategies for providing adequate 
weight gain in the VLBW infant. The data may 
also help in strategizing preventive approaches 
for reducing VLBW neonatal and infant mortality 
rate in the KSA. Perhaps there are many other 
advantages of gaining optimal weight in VLBW 
infants. 
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2. MATERIALS AND METHODS 
  
Details of methods are described elsewhere [2]; 
however brief description of pertinent information 
will be in place here. 
 

2.1 Setting 
 
Jeddah city is the second largest city in the KSA 
representing its important western gateway 
known as “the Bride of the Red sea” with a 
population of about 3.4 million [42]. The main 
Maternity and Children Hospitals (MCH) in 
Jeddah city are Al-Musaedia MCH with 63 NICU 
beds, Al-Aziziya MCH with 13 NICU beds and 
King Abdulaziz University Hospital (KAUH) with 
32 NICU beds [43]. These three Hospitals (total 
NICU beds = 108) were the study setting. 
 

2.2 Design 
 
This is a hospital-based, observational study with 
a prospective longitudinal/concurrent cohort 
design that recruited VLBW infants who were 
actively admitted to the NICU through1st 
January, 2013 to 30

th
 April, 2013 until their 

discharge. All infants with VLBW, either preterm 
or term with IUGR admitted to NICU level I 
(basic) and level II (specialty care) were included 
in this study. The relevant data were collected 
prospectively from parents and records of 
actively admitted cases of VLBW to NICU on 
daily basis. The inclusion criterion for longitudinal 
study was; infant BW of ≤1500 g taken at the 
time of birth in the delivery room or operating 
room and the exclusion criteria were; infants 
more than one month of age or in other words 
infants were not recruited initially at the start of 
the study if they were over a month old, those 
transferred from other hospitals; infants in level 
III care unit that provides care for newborns with 
birth defects, post-surgical cases and other 
categories of infants requiring intensive nursing 
care; and infants who require a higher level of 
observation for unstable or high risk conditions 
including infants kept in isolation rooms. 
 

2.3 Sampling 
 
The sampling structure for this study was as 
follows; a representative sample size was 
calculated using a specific formula; n=Z2p q/d2 
whereas Z is the percentile of the standard 
normal distribution determined by specific 
confidence interval (1.96 for 95% CI), P is the 
prevalence of VLBW according to the literature, 

1.7%, q: 1-p, and d is one half the width of the 
desired CI =0.05. Accordingly, the estimated 
sample size was: (1.96)

2
0.015*0.983/(0.05)

2
=25. 

With the highest acceptable prevalence of VLBW 
infants in the literature (2.8%), a larger sample 
size was targeted to increase the validity of the 
results [4,10]. The re-estimated sample was: 
(1.96)

2
 0.028*0.972/(0.05)

2
=42. However, the 

total sample size collected by the researcher was 
64 but data was complete in the files of 61 VLBW 
infants.  
 

2.4 Data Collection 
 
For assessing the influence of various factors 
related to parents, VLBW infants, breast milk, 
and formula milk, VLBW infants [n=61] were 
followed up from 1

st
 January 2013 to 30

th
 April 

2013 using a structured data collection sheet, 
which was designed after reviewing the 
literatures [3,11,34,36]. The data collection sheet 
was constituted of five domains; 1) data related 
to the hospital (name, status- charged or free, 
date of admission  and discharge), 2) data 
related to the case (medical record number, 
gender, BW (kg), length (cm), head 
circumference (cm), and insurance status), 3) 
sociodemographic data (parents’ ages, 
nationalities, educational levels, occupation, 
income, housing and living area, and smoking 
behaviour), 4) maternal factors(GA, parity, 
previous abortions, pregnancy conceived  by in 
vitro fertilization [IVF] or medication, multiple 
birth, smoking, alcohol and other drug abuse, 
chronic diseases, gestational diabetes, 
pregnancy induced hypertension, preeclampsia, 
antepartum hemorrhage, premature rupture of 
membrane -PROM, preterm labor, amnion 
infections, IUGR, breech presentation, delivery 
status) and 5) neonatal course from delivery to 
discharge(Apgar scores, medical intervention, 
resuscitation, ventilation, surfactant administra-
tion, weight in kg, breast milk intake in ml, 
formula milk intake in ml, total parenteral nutrition 
-TPN, partial parenteral nutrition -PPN, 
respiratory distress syndrome -RDS, NEC, ROP, 
LOS, and hypo- or hyperglycemia).Total weight 
gained (kg) was the dependent variable whereas 
total breast milk fed (ml), total formula milk fed 
(ml) to infants and other factors were 
independent variables. Beside other factors, the 
impact of breast milk and formula milk on weight 
gain among VLBW infants was assessed using 
appropriate statistical tests. The data for this 
study [n=61] were collected from patient 
admission files and clinical flow chart on daily 
basis. 
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2.5 Data Processing and Analysis 
 
The data were entered into the computer, 
cleaned and analyzed using appropriate tests. 
SPSS version 20.0 [44] was used for the purpose 
of data analysis. Chi square test was used for 
categorical variables and whenever possible 
means were compared by using t-test. Total 
weight gain among VLBW infants [n=61] during 
their NICU hospitalization was arbitrarily 
categorized into; weight gain≤600g and >600g in 
order to find its associations with various 
sociodemographic, clinical and anthropometric 
categorical dichotomous variables related to 
parents and VLBW infants. Arbitrary cutoff point 
is an individual decision and divides more or less 
equally the variable in question such as total 
weight gain. Two-way contingency tables were 
used for this purpose. Multiple logistic regression 
modeling was used to find out predictors of 
dichotomous outcome measure, that is weight 
gain ≤600g and >600g. The possible predictors 
included in the modeling were dichotomous 
variables related to parents and VLBW infants. 
Multiple linear regression modeling was used to 
assess the effects of independent continuous 
variables on the dependent continuous outcome 
measure in terms of total weight gain among 
VLBW infants. Pearson product moment 
coefficient correlation test (bivariate) was used to 
measure the strength of a linear relationship 
between two continuous variables. It ranges from 
+1 to -1. A correlation of +1 reflects that there is 
a positive linear relationship between two 
variables. A correlation of -1 means that one 
variable increases while the other decreases. 
Exact p values were reported here, and p value 
less than .05 was considered significant. 
 

2.6 Ethical Consideration 
 
One of the parents of VLBW infant was explained 
in nontechnical terms the nature, objectives, and 
benefits of this study. A written informed consent 
was designed and following clear explanation of 
the study objectives and other details either of 
the parents voluntarily signed the consent form. 
Thumb prints were taken from those who were 
illiterate and could not read and write. 
Confidentiality of the information obtained was 
guaranteed and the parents were informed that 
the data will be used only for research purpose. 
Research proposal was approved by the ethical 
committee of the AKUH. 
 
 
 

3. RESULTS 
 
Parental variables and characteristics of VLBW 
infants are described elsewhere [2]. The mean of 
total weight gain of VLBW infants during their 
NICU hospitalization was 0.606±0.273 (range 
=0.250-1.100 kg). According to chi square 
statistics, none of the dichotomous variable had 
statistically significant association with 
dichotomous total weight gain outcome measure 
of VLBW infants Table 1. These fourteen 
independent variables related to parents and 
VLBW infants were entered in the multiple 
logistic regression model.  Total weight gain was 
the dependent binary outcome measure. 
According to this modeling, none of the included 
dichotomous variables survived the model as 
expected and hence no significant predictor of 
total weight gain among VLBW infants was 
observed.  
 
According to Pearson bivariate correlation 
statistics Table 2, 10 variables were positively 
correlated with total weight gain in VLBW infants. 
However, none of them was significantly 
correlated. Furthermore, four variables were 
negatively correlated with total weight gain in 
VLBW infants but none of them was significantly 
correlated. Only two variables in terms of joint 
family income and formula milk were 
significantly, positively correlated with total 
weight gain in VLBW infants Fig. 1. 
 
These sixteen independent continuous variables 
related to parents and VLBW infants were 
entered in the multiple linear regression modeling 
and total weight gained was the dependent 
continuous outcome measure. The only variable 
that significantly predicted the total weight gain 
among VLBW infants was the total formula milk 
fed to VLBW infants (B=2.858E-5, SE=0.000, 
Beta=0.468, t=3.693, p=0.001) during their stay 
in the NICU. Here B/b, SE and Beta represent 
unstandardized coefficient, standard error and 
standardized or beta coefficient in regression 
analysis, respectively. Beta coefficients are the 
estimates resulting from an analysis performed 
on standardized variables with variances of 1. 
This is to answer the question of which of the 
independent variables has greater effect on the 
dependent variable, when the variables are 
measured in different units of measurement. The 
significance value (p) is the probability of a result 
of this magnitude/or greater in the data, given 
that the null hypothesis is false. 
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Table 1. Parental and VLBW infants’ (n=61) variables and Total gain weight 
 

Variable- maternal No. ≤ 600g > 600g χ2 with 1 df P value 
Nationality 
-Saudi 
-Non-Saudi 

 
33 
28 

 
16 
17 

 
17 
11 

 
 

0.912 

 
 

0.339 
Education 
≤10 grade 
>11 grade 

 
28 
33 

 
18 
15 

 
10 
18 

 
 

2.163 

 
 

0.141 
Occupation 
-housewife 
-employed 

 
43 
18 

 
25 
8 

 
18 
10 

 
 

0.958 

 
 

0.328 
Smoking status 
-Smokers 
-Non-Smokers 

 
7 
54 

 
3 
30 

 
4 
24 

 
 

0.402 

 
 

0.526 
Variable-paternal      
Education 
≤10 grade 
>11 grade 

 
20 
41 

 
13 
20 

 
7 
21 

 
 

1.424 

 
 

0.234 
Occupation 
-Public sector 
-Private sector 

 
43 
18 

 
24 
9 

 
19 
9 

 
 

0.173 

 
 

0.678 
Smoking status 
-Smokers 
-Non-Smokers 

 
26 
35 

 
14 
19 

 
12 
16 

 
 

0.001 

 
 

0.973 
 Variables-VLBW infants      
Gender 
-Male 
-Female 

 
27 
34 

 
16 
17 

 
11 
17 

 
 

0.519 

 
 

0.471 
Infants born to mother  
-Primigravida (+p1&p2) 
-Multipara 

 
43 
18 

 
24 
9 

 
19 
9 

 
 

0.173 

 
 

0.678 
Infants were 
-Multiple birth 
-Single birth 

 
20 
41 

 
11 
22 

 
9 
19 

 
 

0.010 

 
 

0.921 
Infants born to mothers 
-Conceived-IVF 
-Conceived- No IVF 

 
9 
52 

 
5 
28 

 
4 
24 

 
 

0.009 

 
 

0.924 
Infants born by 
-SVD 
-C/S & ABD 

 
24 
37 

 
12 
21 

 
12 
16 

 
 

0.268 

 
 

0.605 
Infants born by 
-Emergency delivery 
-Elective delivery 

 
54 
7 

 
29 
4 

 
25 
3 

 
 

0.030 

 
 

0.864 
Infants born to mothers 
-H/O multiple abortions 
-No h/o abortions 

 
4 
57 

 
3 
30 

 
1 
27 

 
 

0.753 

 
 

0.385 
Hospital settings 
-KAUH 
-Other hospitals 

 
35 
26 

 
16 
17 

 
19 
9 

 
 

2.325 

 
 

0.127 
 
Certain variables related to maternal and infant 
disease and treatment that may impact weight 
gain and postnatal growth failure among VLBW 
infants [45] were not considered in the analysis. 
The medical interventions in terms of 
resuscitation (n=10, 15.8%), ventilation (n=33, 

54.4%), and surfactant administration (n=41, 
66.7%) were provided to all VLBW infants, 
therefore this variable was also not considered 
for association with total weight gain in VLBW 
infants. Likewise, the major VLBW infants’ 
complications such as RDS (n=33, 54%), NEC 
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(n=12, 18.9%), patent ductus arteriosus (n=8, 
13%), ROP (n=6, 9.4%) and diagnosed late 
onset sepsis (LOS) were not considered for 
statistical association with total gained weight. 
Most of VLBW infants were born premature and 
preterm (n=59, 96.8%) and hence this variable 
was also not accepted for statistical association 

with total weight gain. We have not considered 
major medical complications in mothers who 
delivered VLBW infants. These variables were 
not considered because of lack of normal infants 
control group. The mean discharge weight in 
kilograms of VLBW infants was 1.64±0.24 (range 
= 1.1- 2.15 kg). 

 

 
 

Fig. 1. Pearson correlation between joint family income (A) or total formula milk (B) and total 
weight gain in VLBW infants 

 
Table 2. Parental and VLBW infants factors and the total gain weight 

 
Variable-maternal  Pearson correlation value Significance (2-tailed) 
Age 0.178 0.169* 
Monthly salary 0.227 0.078* 
Variable-Paternal   
Age 0.231 0.073* 
Monthly salary 0.156 0.231* 
Family Joint income 0.360 0.004*** 
Variable- Infant   
Gestation Age -0.110 0.399** 
Apgar Score at birth1 0.148 0.254* 
Apgar Score at birth5 0.117 0.368* 
Birth Weight -0.054 0.679** 
Birth Height 0.076 0.561* 
Birth Head Circumference 0.231 0.073* 
Hospital Stay -0.045 0.732** 
Total Parenteral Nutrition .0241 0.062* 
Partial  Parenteral Nutrition  -0.165 0.203** 
Total amount of breast Milk fed 0.049 0.709* 
Total amount of formula Milk fed 0.525 0.000*** 
*Positive insignificant correlation, **Negative insignificant correlation, ***Correlation significant at the 0.01 level 

(2-tailed), Notably, 22% and 78% of the total weight gained by VLBW infants was due to breast milk and formula 
milk, respectively. The proportion of breast milk fed to the total amount of milk fed by VLBW infants in the NICU 
was calculated as following: Total amount of breast milk/(total breast milk +total formula milk) and it was 17.5% 
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4. DISCUSSION 
 

This study with short longitudinal follow-up 
identified possible predictors of total weight gain 
in VLBW infants born at three hospital settings in 
Jeddah city. According to this study, none of the 
dichotomous variables related to parents’ 
sociodemographics and VLBW infants’ 
characteristics were associated with total weight 
gain in VLBW infants. However, only two 
continuous variables were significantly correlated 
with total weight gain among VLBW infants. 
Furthermore, only formula milk was the most 
powerful predictor of total weight gain among 
VLBW infants in this study. These results are 
more or less consistent with other studies 
discussed below, though these western studies 
have different objectives, methods and a variable 
number of heterogeneous participants. 
 

In a cross sectional study of 175 neonatal 
survivors with VLBW, Were and Bwibo reported 
that preterm formula feeding to infants and 
absence of neonatal morbidity at term were 
associated with better growth [46].In another 
study, Pinelli and colleagues [37] reported that 
neither breastfeeding nor formula milk influenced 
mental developmental index of VLBW infants at 
12 months corrected age, which is not consistent 
with a meta-analytic review [47]. This meta-
analysis reported that breast feeding was 
significantly associated with higher scores for 
cognitive development compared with formula 
feeding. However, birth weight significantly 
predicted neurodevelopmental growth of VLBW 
infants at 6 and 12 months corrected age 
[37].Other study of 98 VLBW infants found no 
effect of maternal milk on Bayley Mental 
Development Index (MDI), Psychomotor 
Development Index (PDI) and also rates of 
cerebral palsy (CP) remained unaffected in 
VLBW infants at 20 months corrected age. 
However, neurodevelopmental outcomes were 
influenced significantly by social and neonatal 
factors [38]. In a Norway study of 127 VLBW 
infants, Henricksen and colleagues reported that 
reduced energy intake (p = 0.002), non-
Caucasian ethnicity (p = 0.04) and weight at birth 
(p = 0.004) were negatively associated with 
growth restriction [48]. Thus, the results suggest 
that adequate energy intake through fortified milk 
feeding, weight at birth, and Caucasian ethnicity 
are strong predictors of extra-uterine growth 
among VLBW infants at discharge from hospital. 
 

In a retrospective population-based study of 
extremely low gestational age (ELGA) infants 

(<27 weeks), Stoltz Sajöström and associates 
reported that lower energy intake correlated with 
lower gain in weight, length, and head 
circumference (p=0.001). Furthermore, protein 
and fat intake predicted growth in all 
anthropometric outcomes and head 
circumference, respectively. This study 
suggested that optimized energy and 
macronutrient intake may impact early growth 
failure in ELGA infants [49]. According to some 
researchers, infants receiving formula may have 
had improved growth as shown in the present 
study because the formula contained more 
calories and/or protein. Consequently, a 24 
calorie/ounce formula fed to preterm infants 
should associate with more weight gain 
compared to 20 calorie/ounce formula.  
Additionally, breast milk contains roughly 10 
grams protein/liter. Formula contains relatively 
more proteins than human milk that might 
improve the weight gain in VLBW infants. Our 
study has limited information about such details. 

 

Notably intense breast feeding and bottle-
emptying behaviors and overweight related to 
healthy infants may lead to childhood obesity and 
adiposity [50-51]. This feeding strategy if applies 
to VLBW infants would result in excessive weight 
gain is not explored, however should remain a 
concern in neonatal care. Term newborn length 
is reported to predict early growth retardation and 
high weight gain [52]. It should also guide 
neonatal caretakers in NICU. 

 

Low income/poverty during pregnancy is linked 
with preterm birth, IUGR, low birth weight infants 
and other neonatal complications including 
neonatal or infant death [53]. In addition, 
researchers compared different population 
groups within countries and found that the 
differences in social determinants of health in the 
form of education level, income and living 
conditions and others influence LBW infants, 
infant mortality (IM)and birth outcomes, and 
postnatal growth of VLBW infants [29,53,54]. 
Family poverty and lack of family problem-solving 
processes negatively tend to predict maternal 
feeding competencies [55] and thus may 
negatively affect the weight gain in and growth of 
VLBW infants. Conversely higher family income 
and good social capital have reverse effects on 
VLBW infants [55]. The results of this study that 
found joint family income association with weight 
gain in VLBW infants are consistent with above 
studies [53,55]. 
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This study has some limitations. The results of 
this study are not generalized to the NICU of 
other hospitals and general population because it 
is a non-community based study in three 
hospitals in Jeddah. A short duration of follow-up 
[4 months] and a small number of included 
participants [n=61] for identifying the possible 
predictors of total weight gain in VLBW infants 
possibly are not sufficient for achieving this 
objective. Furthermore, no standard definitions of 
breast feeding recommended by WHO [32] were 
used in this research, allow comparing 
breastfeeding among different NICUs and ratings 
of quality improvement programs. This study has 
some strength. According to correlation analysis, 
the two identified predictors, i.e., joint family 
income (higher income) and formula milk, of total 
weight gain in VLBW infants support international 
data on total weight gain in VLBW infants. 
However, according to multiple regression 
analysis, the most powerful factor that 
contributed to total weight gain in VLBW infants 
is total formula milk fed by VLBW infants during 
their NICU stay in three hospitals in Jeddah. 
Overall, the results are robust yet tentative 
despite small sample size and the short timeline 
of the study. This preliminary study calls for a 
community-based nationwide research that might 
identify more predictors of total weight gain 
significantly related to VLBW infants in Saudi 
Arabia.  
 

5. CONCLUSION 
 
In summary, parental joint family income and 
total formula milk fed to VLBW infants are 
significant predictive factors of total weight gain 
in VLBW infants. Overall, the results of this study 
are tentative and calling for a nationwide survey 
for identifying more predictive variables 
underlying total weight gain in VLBW infants in 
Saudi Arabia. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCE 
 

1. Lincetto O, Mothebesoane-Anoh S, Gomez 
P, Munjanja S. Antenatalcare. In; 
Opportunities for African Newborns. 
Accessed on April 10, 2014.  

Available: http://www.who.int/pmnch/ 
media/publications/ oanfullreport.pdf  

2. Munshi AY, Balbaid O, Qureshi NA. 
Prevalence and risk factors of very low 
birth weight infants born at the maternity 
and children hospitals in Jeddah, Saudi 
Arabia, during 2012-2013. British J 
Medicine and Medical Research. 
2014;4:4553-4569.  

3. Mansouri HA. Perinatal factors and 
neonatal outcome of very low birth weight 
and extremely premature babies at KAUH. 
Bahrain Medical Bulletin. 2001;23:(2). 

4. Central Intelligence Agency (CIA). Country 
comparison: Infant mortality rate. The 
world fact book 2013.  

Available: https://www.cia. gov/ library/ 
publications/the-
worldfactbook/rankorder/2091rank.html 

5. Department of preventive medicine and 
field epidemiology, MOH. Low birth weight 
and infant mortality in a major hospital in 
Riyadh. Saudi Epidemiology Bulletin. 
2001;8(3):18. 

6. Callaghan WM, MacDorman MF, 
Rasmussen SA, Qin C, Lackritz EM. The 
contribution of preterm birth to infant 
mortality rates in the United States. 
Pediatrics. 2006;118:1566-1573. 

7. Eichenwald EC, Stark AR. Management 
and outcome of very low birth weight. N 
Eng J Med. 2008;358:1700-1711. 

8. Parker LA, Krueger C, Sullivan S, Kelechi 
T, Mueller M. Effects of breast milk on 
hospital costs and length of stay among 
very low birth weight infants in the NICU. 
Adv Neonatal Care. 2012;12:254- 259. 

9. Arnold CC, Kramer MS, Hobbs CA, 
McLean FH, Usher RH. Very low birth 
weight: A problematic cohort for 
epidemiologic studies of very small or 
immature neonates. Am J Epidemiol. 
1991;134(6):604-613. 

10. Children’s Hospital at UCSF Medical 
Center. Very low and extremely low birth 
Weight infants. UCSF children’s. intensive 
care nursery house staff manual; 2004. 
Available: 
http://www.ucsfbenioffchildrens.org/pdf/ 
manuals/ 20_VLBW_ELBW.pdf 

11. Mayo Foundation for Medical Education 
and Research (MFMER). Risk factors of 
premature birth by mayo clinic staff; 2011. 
Available: 
http://www.mayoclinic.com/health/prematur
e-birth/ ds00137/ dsection= risk-factors 



 
 
 
 

Munshi et al.; BJMMR, 6(1):114-125, 2015; Article no.BJMMR.2015.189 
 
 

 
123 

 

12. Behrman RE. 10 Mortality and acute 
complication in preterm infants. National 
academy of sciences 2007.  

Available: http://www.ncbi.nlm.nih.gov › 
NCBI › Literature › Bookshelf 

13. Barfield WD, Manning SE, Karolinger C. 
Neonatal intensive care unit admission of 
infants with very low birth weight. The 
centers of the National Institute of Child 
Health & Human Development Neonatal 
Research Network 2006.  

Available: http://www.cdc.gov/mmwr  

14. Spiegler J, Stichtenoth G, Weichert J, 
Konig IR, Schlaud M, V D Wense A, et al. 
Pregnancy risk factors for very premature 
delivery: what role do hypertension, 
obesity and diabetes play? Arch. Gynecol. 
Obstet. 2013;288(1):57-64. 

15. Poudel P, Budhathoki S, Shrivastava MK. 
Maternal risk factors and morbidity pattern 
of very low birth weight infants: A NICU 
based study at Eastern Nepal J Nepal 
Paediatr. 2008;29(2):59-66. 

16. Hosseini MB, Heiderzadeh M. Maternal 
risk factors and immediate neonatal 
outcome in VLBW infants in alzahra 
hospital of tabriz. Medical Journal Tabriz 
University of Medical Sciences. 
2008;29(4). 

17. Muhammad T, Khattak AA, Shafiq-ur-
Rehman, Khan MA, Khan A, Khan MA. 
Maternal factors associated with 
intrauterine growth restriction. J Ayub Med 
Coll Abbottabad. 2010;22(4):64-69. 

18. Schieve LA, Meikle SF, Ferre C, Peterson 
HB, Jeng G, Wilcox LS. Low and very low 
birth weight infants conceived with use of 
assisted reproductive technology. N Eng J 
Med. 2002;346:731-737. 

19. Diaz LM, Dinsmoor MJ, Lin PY. 
Preventable risk factors for the delivery of 
very low birth weight infants in richmond, 
virginia. Prim Care Update Ob Gyns. 
2001;8(1):1-4. 

20. Mumbare SS, Maindarkar G, Darade R, 
Yenge S, Tolani MK, Patole K. Maternal 
risk factors associated with term low birth 
weight neonates: A matched –pair case 
control study Indian Pediatr. 2012;49:25-
28. 

21. Demont-Heinrich CM, Hawkes AP, Ghosh 
T, Beam R, Vogt RL. Risk of very low birth 
weight based on perinatal periods of risk. 
Public Health Nurs. 2014;31:234-242. 

22. Partington SN, Steber DL, Blair KA, Cisler 
RA. Second births to teenage mothers: 
Risk factors for low birth weight and 
preterm birth. Perspect Sex Reprod 
Health. 2009;41:101-109. 

23. Baker DJP. Commentary: Birth weight and 
coronary heart disease in a historical 
cohort. Int J Epidemiology. 2006;35(4): 
886-887. 

24. Callen J, Pinelli J. A review of the literature 
examining the benefits and challenges, 
incidence and duration, and barriers to 
breastfeeding in preterm infants. Adv 
Neonatal Care. 2005;5(2):72-88. 

25. Colaizy TT, Carlson S, Saftlas AF, Jr FHM. 
Growth in VLBW infants fed predominantly 
fortified maternal and donor human milk 
diets: A retrospective cohort study. BMC 
Pediatrics. 2012;12:124. 

26. Hack M, Horbar JD, Malloy MH, Tyson JE, 
Wright E, Wright L. Very low birth weight 
outcomes of the national institute of child 
health and human development neonatal 
Network. Pediatrics. 1991;87(5):587-97. 

27. Atalay D, Salihoglu O, Can E, Beskardes 
A, Hatipoglu S. Short-term outcomes of 
very low birth weight infants born at a 
tertiary care hospital, Istanbul, Turkey. Iran 
J Pediatr. 2013;23(2):205-211. 

28. Nakamura T, Fujimura M, Matsuo M, 
Itabashi K, Horiushi T, Kusuda S, et al. 
Mortality rates for extremely low birth 
weight infants born in Japan in 2005. 
Pediatrics. 2009;123:445.  

29. OECD. Health at a glance 2013: OECD 
indicators, OECD publishing. 2013;38-39. 
[Accessed on 14 February 2014].  

Available:http://dx.doi.org/10.1787/health_
glance-2013-en 

30. Sisk PM, Lovelady CA, Dillard RG, Gruber 
KJ. Lactation counseling for mothers of 
very low birth weight infants: Effect on 
maternal anxiety and infant intake of 
human milk. Pediatrics. 2006;117(1):67-75. 

31. Hylander MA, Strobino DM, Pezzullo JC, 
Dhanireddy R. Association of human milk 
feedigs with a reduction in retinopathy of 
prematurity among very low birth weight 
infants. J Perinatol. 2001;21:356-362. 

32. Davanzo R, Ronfani L, Brovedani P, 
Demarini S; Breastfeeding in neonatal 
intensive care unit study group. breast 
feeding very-low-birth weight infants at 
discharge: A multicentre study using WHO 



 
 
 
 

Munshi et al.; BJMMR, 6(1):114-125, 2015; Article no.BJMMR.2015.189 
 
 

 
124 

 

definitions. Paediatr Perinat Epidemiol. 
2009;23:591-596. 

33. Manzoni P, Stolfi I, Pedicino R, Vagnarelli 
F, Mosca F, Pugni L, et al. Human milk 
feeding prevents retinopathy of prematurity 
(ROP) in preterm VLBW neonates. Early 
Hum dev. 2013;89(Suppl 1):S64-68. 

34. Vohr BR, Poindexter BB, Dusick AM, 
MaKinley LT, Wright LL, Langer JC, Poole 
K. Beneficial effects of breast milk in the 
neonatal intensive care unit on the 
development outcome of extremely low 
birth weight Infants at 18 months of age. 
Pediatrics. 2006;118(1):115-123. 

35. Shoji H, Shimizu T, Shinohara K, Oguchi 
S, Shiga S, Yamashiro Y. Suppressive 
effects of breast milk on oxidative DNA 
damage in very low birth weight infants. 
Arch Dis Child Fetal Neonatal Ed. 
2004;89(2):136-138. 

36. Vohr BR, Piondexter BB, Dusick AM, 
MaKinley LT, Higgins RD, Langer JC, Pool 
WK. Persistent beneficial effects of breast 
milk in the neonatal intensive care unit on 
the development outcome of extremely low 
birth weight infants at 30 months of age. 
Pediatrics. 2007;120:953-960. 

37. Pinelli J, Saigal S, Atkinson SA. Effect of 
breast milk consumption on neurodevelop-
mental outcomes at 6 and 12 months of 
age in VLBW infants. Adv Neonatal Care. 
2003;3(2):76-87.  

38. Furman L, Wilson-Costello D, Friedman H, 
Taylor HG, Minich N, Hack M. The effect of 
neonatal maternal milk feeding on the 
neurodevelopmental outcome of very low 
birth weight infants. J Dev Behav Pediatr. 
2004;25:247-253.  

39. Mathur NB, Dhingra D. Perceived breast 
milk insufficiency in mothers of neonates 
hospitalized in neonatal intensive care unit. 
Indian J Pediatr. 2009;76:1003-1006.  

40. Merewood A, Brooks D, Bauchner H, 
macAuley L, Mehta SD. Maternal 
birthplace and breastfeeding initiation 
among term and preterm infants: A 
statewide assessment for Massachusetts.  
Pediatrics. 2006;118:e1048-1054. 

41. Millennium Developmental Goals. 
Accessed on February 5 2014.  

Available: http://www.who.int/topics/ 
millennium_development_goals/en/  

42. Accessed on June 27, 2014.  

Available: http//www.aboutjeddah.com/ 

43. Available:http//www.moh.gov.sa/en/eservic
es/directory/pages/hospitals.aspx 

44. Statistical package for social sciences 
version 20; 2011. 

45. Loui A, Tsalikaki E, Maier K, Walch E, 
Kamarianakis Y, Obladen M. Growth in 
high risk infants <1500g birthweight during 
the first five weeks. Early Hum Dev. 
2008;84:645-650. 

46. Were FN, Bwibo NO. Early growth of very 
low birth weight infants. East Afr Med J. 
2006;83:84-89. 

47. Anderson JW, Johnstone BM, Remley DT. 
Breast-feeding and cognitive development: 
A meta-analysis. Am J Clin Nutr. 1999;70: 
525-535. 

48. Henricksen C, Weterberg AC, Rønnestad 
A, Nakstad B, Veierød MB, Drevon CA, 
Iversen PO. Growth and nutrient intake 
among very low birth weight infants fed 
fortified human milk during hospitalization. 
Br J Nutr. 2009;102:1179-1186. 

49. Stoltz Sajöström E, Öhlund I, Ahlsson F, 
Engström E, Fellman V, Hellström A, et al. 
Nutrient intakes independently affect 
growth in extremely preterm infants: 
Results from a population-based study. 
Acta Paediatr. 2013;102:1067-1074. 

50. Li R, Fein SB, Grummer-Strawn LM. 
Association of breastfeeding intensity and 
bottle-emptying behaviors at early infancy 
with infants’ risk for excess weight at late 
infancy. Pediatrics. 2008;122(Suppl 2):77-
84. 

51. Jardim-Botelho A, Gurgel RQ, Petrucci R, 
Santos CB, Pereira AB, Xavier Sde O, et 
al. Infant overweight as early predictor of 
childhood over weight in Brazil. J Trop 
Pediatr. 2014;60:47-52. 

52. Berngard SC, Berngard JB, Krebs NF, 
Garcés A, Miller LV, Westcott J, et al. 
Newborn length predicts early infant linear 
growth retardation and disproportionately 
high weight gain in a low-income 
population. Early Hum Dev. 2013;89:967-
997. 

53. Larsen CP. Poverty during pregnancy: Its 
effects on child health outcomes. Paediatr 
Child Health. 2007;12(8):673–677. 

54. Kim D, Saada A. The social determinants 
of infant mortality and birth outcomes in 
western developed nations: A cross-
country systematic review. Int J Environ 
Res Public Health. 2013;10(6):2296–2335. 



 
 
 
 

Munshi et al.; BJMMR, 6(1):114-125, 2015; Article no.BJMMR.2015.189 
 
 

 
125 

 

55. Pridham K, Melby JN, Brown R, Clark R. 
The contribution of infant, maternal, and 
family conditions to maternal feeding 

competencies. Parent Sci Pract. 
2010;10(1):18-42. 

 
© 2015 Munshi et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
 
 

  Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sciencedomain.org/review-history.php?iid=720&id=12&aid=7236 
 


